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R H I C  Technical  Note 

MECHANICAL PROPERTIES FOR THE G-llCR TUBES USED I N  THE RHIC MAGNET SUPPORT LEG 

D. P. Brown 
R. J. Gibbs 

D. L. Horne 
K. C. WU 

ABSTRACT 

The G-11CR epoxy-woven-glass lamina te  used i n  t h e  inne r  and the  o u t e r  
tubes  of t h e  R H I C  support  l e g  i s  a composite mater ia l .  Unlike metals, t he  
p r o p e r t i e s  of t he  composite material depend on i t s  composition and the  manu- 
f a c t u r i n g  process ,  and need t o  be v e r i f i e d  t o  p e r f e c t  t he  design. Universal  
tensi le  test machines are used t o  compress t h e s e  tubes l o n g i t u d i n a l l y  and rad- 
i a l l y .  The r e s u l t s  f o r  t h e  elastic modulus i n  compression and i n  f l e x u r e  are 
i n  good agreement wi th  manufacturer ' s  publ ished d a t a  on machined G-11CR rods.  
The f l e x u r a l  s t r e n g t h ,  approximately 38,000 p s i ,  a l s o  agrees  wi th  conserva t ive  
numbers a v a i l a b l e  i n  the  l i t e r a t u r e .  

G-11CR TUBES 

The R H I C  fo lded  post  l e g  c o n s i s t s  of one inne r  tube and one ou te r  tube.  
These tubes have a f i n e  f i n i s h  wi th  t i g h t  t o l e rance  and are assembled i n t o  t h e  
pos t  l e g  through a series of s h r i n k  f i t  j o i n t s .  Spaulding F ib re  Company, lo-  
ca t ed  i n  Tonawanda, New York, i s  the  s u p p l i e r  of t hese  tubes. The dimensions 
f o r  t h e s e  G - l l C R  tubes are given i n  Table 1. The g l a s s  f i b e r  o r i e n t a t i o n  f o r  
these tubes are shown i n  Fig. 1. 

Table 1 

Dimensions f o r  t h e  G-11CR Tubes 

Inner  Tube Outer Tube 

Radia l  ( inch)  2.4685 3.4685 

Lengtsh ( inch)  
Cross s e c t i o n a l  area ( i n c h  ) . 

Wall th i ckness  ( inch)  0.092 0 062 
7 625 
1.3511 

7.375 
1.4269 2 

Fig. 1. The Glass Fiber  O r i e n t a t i o n  of t h e  G-11CR Tube 
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The mechanical p r o p e r t i e s  f o r  t hese  tubes  are a n i s o t r o p i c  and depend on 
on t h e  f i b e r g l a s s  o r i e n t a t i o n s .  Compressive p r o p e r t i e s  are a l s o  d i f f e r e n t  
from t h e  t e n s i l e  p rope r t i e s .  I n  t h e  l i t e r a t u r e ,  t he  p r o p e r t i e s  are g iven  i n  
compression, i n  t ens ion  and i n  f l exure .  The p r o p e r t i e s  are usua l ly  s p e c i f i e d  
i n  d i r e c t i o n s  perpendicular  and p a r a l l e l  t o  laminat ions.  Since t h e  ' tube is  
a l r eady  manufactured, it is  d i f f i c u l t  t o  prepare  s p e c i f i c  test specimen from 
it. It is a l s o  imprac t i ca l  t o  do a l l  t h e  measurements i n  t h e  l o n g i t u d i n a l ,  
t h e  c i r cumfe ren t i a l ,  and t h e  r a d i a l  d i r e c t i o n s .  

Two se l ec t ed  tests are performed. As shown i n  Fig. 2, t he  tubes are com- 
pressed l o n g i t u d i n a l l y  f o r  ob ta in ing  compressive p rope r t i e s .  I n  Fig. 3 ,  the 
tubes are compressed r a d i a l l y  f o r  ob ta in ing  t h e  f l e x u r a l  p rope r t i e s .  Depend- 
i n g  on t h e  a v a i l a b i l i t y ,  e i t h e r  t h e  INSTROW' 10,000 l b  TT model o r  the 
INSTRON3 22,000 l b  11241 model un ive r sa l  tensile test  machine are used f o r  t h e  
tests. Compressive loading  is  p re fe r r ed  over t h e  t e n s i l e  loading due t o  1) i t  
i s  d i f f i c u l t  t o  hold the  ends of t h e  tube i n  t ens ion  and 2) t he  primary load  
f o r  t h e  G-11 tube  i n  service is  compression. 

Fig.  2. Compress t h e  Tubes Longi tudina l ly  

Fig. 3.  Compress the Tubes Rad ia l ly  
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COMPRESSIVE PROPERTIES 

A 0.0005 inch  accuracy Brown & Sharpe d i a l  i n d i c a t o r  (gauge 1 )  and a 
0.001 inch  accuracy GEM d i a l  i n d i c a t o r  (gauge 2) are used t o  measure the  d i s -  
placements of t h e  tubes under l o n g i t u d i n a l  load as shown i n  Fig. 2.  The d i s -  
placement versus  load f o r  t he  inne r  tube and the  ou te r  tube are given i n  Fig. 
4 and 5. The stress is obtained by d iv id ing  the  load by the  c ross -sec t iona l  
area. The s t r a i n  i s  ca l cu la t ed  from the  displacement and l eng th  of the  t e s t  
specimen. The e las t ic  modulus i s  def ined as t h e  r a t i o  of stress over s t r a i n .  
The r e s u l t s  f o r  t h e  inner  tube,  t he  ou te r  tube,  and the  manufacturer ' s  number 
are given i n  Table 2. 

Table 2 

Elast ic  Modulus i n  Compression 

Inner  Tube Outer Tube Manufacturer 

Elast ic  modulus i n  compression - p s i  2.8 x l o 6  2.8 x lo6 2.9 x lo6  

FLEXURAL PROPERTIES 

As shown i n  Fig. 3, t h e  tubes are compressed r a d i a l l y .  Unlike the  longi -  
t u d i n a l  load ,  t h i s  tes t  measures the  deformation of the  tube diameters .  
Formulael f o r  c i r c u l a r  r i ngs  under two opposing concentrated loads are used t o  
c a l c u l a t e  t he  f l e x u r a l  p rope r t i e s .  Equation 1 i s  used t o  re la te  t h e  e las t ic  
modulus t o  t h e  displacement at  given load. Equation 2 i s  used t o  c a l c u l a t e  
t h e  maximum stress occurr ing at  p o s i t i o n  B shown i n  Fig. 3. 

E = 0.149 x 12 x F x ( r / t I3  / (L x DY) 

Smax = 0.187 x 6 x F x ( r /L )  / t2 

(1 )  

(2 )  

where E i s  the  
F i s  the  
r is  the  
t is  t h e  
L i s  the  

Dy i s  the  
Sma, i s  t h e  

f l e x u r a l  modulus 
load 
r ad ius  of t he  tube 
w a l l  th ickness  
length  of tube o r  test specimen 
d iamet r ic  displacement of t he  tube 
maximum f l e x u r a l  stress 

The displacement of t he  c ros s  head of t h e  INSTRONG test machine is  used 
as t h e  d i ame t r i c  displacement of t h e  tube due t o  t h e  l a r g e  d e f l e c t i o n s  of 
t hese  tubes under s m a l l  loads.  The d iamet r ic  displacement versus  load f o r  t he  
i n n e r  tube,  t h e  ou te r  tube and the  1 inch  s e c t i o n a l  specimens of these  tubes 
are given i n  Pig. 6 through 9. Calculated displacements ,  using equat ion 1 and 
published f l e x u r a l  modulus, 3.6 x lo6  p s i ,  are a l s o  p l o t t e d  on Fig. 6 through 
9 f o r  comparison. A s  one can see, the  displacement f o r  t he  outer  tube i s  
s l i g h t l y  higher  than t h e  ca l cu la t ed  values .  The displacement f o r  t he  i n n e r  
tube  is  somewhat lower than  the  ca l cu la t ed  values .  Discrepancies  could come 
from t h e  f a c t  t h a t  t he  present  test i s  not e x a c t l y  a f l e x u r a l  test. The bes t  
e s t ima t ion  f o r  t he  f l e x u r a l  modulus is given i n  Table 3. 
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Table 3 

Flexura l  Modulus 

F lexura l  modulus i n  lo6  ps 

Inner  Tube Outer Tube Manufacturer 

3.6 - 4.0 3.0 3.3 3.6 

The f l e x u r a l  s t r e n g t h  f o r  t h e  1 inch  s e c t i o n a l  specimen of t h e  inne r  tube 
has  been a l s o  obtained. A t  38,000 p s i ,  t h e  specimen s t a r t e d  t o  produce a 
cracking sound. & about 55,000 p s i  t h e  specimen f i n a l l y  broke. 

CONCLUSION 

The cu r ren t  r e s u l t s  are found t o  be i n  reasonable  agreement wi th  d a t a  
a v a i l a b l e  i n  the  l i t e r a t u r e .  It i s  not hard t o  be convinced t h a t  p rope r t i e s  
which have not  been measured he re  are a l s o  va l id .  Some use fu l  p r o p e r t i e s  from 
o the r  sources2 are given i n  Table 4 .  

Table 4 

Some Useful P r o p e r t i e s  

Radial  
( Normal t o  

Direct i o n  Longi tudinal  Ci rcumferent ia l  Laminates) 

Tens i l e  modulus l o 6  p s i  4.0 4.0 2.0 

Minimum u l t ima te  s t r e n g t h  p s i  40 , 000 25 , 000 30,000 

Resul ts  repor ted  i n  these  tests support  t he  mechanical p r o p e r t i e s  of t h e  
G-11CR tubes used i n  t h e  RHIC support  l e g  design where 3 x l o 6  p s i  e las t ic  
modulus is  used i n  t h e  l o n g i t u d i n a l  and t h e  c i r cumfe ren t i a l  d i r e c t i o n s  f o r  
both t ens ion  and compression. A 2.0 x l o6  p s i  modulus is used i n  t h e  r a d i a l  
d i r e c t i o n  f o r  shr ink  f i t  j o i n t  design.  These d a t a  are important t o  t he  s t ruc -  
t u r a l  design and ana lys i s  of t h e  leg.  
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